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METHODOLOGY, MEASUREMENTS AND
ANALYSIS OF PERFORMANCE AND

SCALABILITY OF STATEFUL BORDER
GATEWAYS

RELATED APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 11/093,699, filed Mar. 30, 2005, now U.S. Pat.
No. 7,853,996, which 1s a continuation-in-part of U.S. patent
application Ser. No. 10/678,328 filed Oct. 3, 2003, now U.S.
Pat. No. 7,421,734; a continuation-in-part of U.S. patent
application Ser. No. 10/679,222 filed Oct. 3, 2003, now U.S.
Pat. No. 7,886,348; and a continuation-in-part of U.S. patent
application Ser. No. 10/678,779 filed Oct. 3, 2003, now U.S.
Pat. No. 7,076,393, each of which 1s hereby expressly incor-
porated by reference.

FIELD OF THE INVENTION

The present invention relates generally to the field of com-
munications and, in particular, to methods and apparatus for
testing and evaluating various security and performance
aspects of firewall devices used 1n packet networks.

BACKGROUND

Some local telecommunications service providers have
begun programs for the delivery of advanced voice and data
services over 1P that will require the implementation of secu-
rity measures 1n order to protect both the service providing
network assets as well as the customer networks from service
alfecting malicious intrusions that can cause either network
losses or customer grievances. Additionally, the changing
paradigm in the area of new services makes it beneficial for
such a service provider to position 1tself ahead of 1ts competi-
tors by being the first to offer the new services atforded by the
transformation from a switch based network to an IP based
network. Common to both of these efforts are the challenges
that are faced by a large size telecommunications service
provider namely the impact on scalability and performance.

Security and performance are typically a zero sum game
since 1mproved security often results 1n reduced throughput
and performance. This 1s the case 1n the area of perimeter
protection of customer and network assets as well as in the
development of new multimedia and multi-technology ser-
vices Tor millions of customers. These challenges are mani-
tested most tellingly 1n the deployment of a Softswitch infra-
structure that will facilitate a telecommunication service
provider achieving a position as “first to market” advanced
services. Securing the Softswitch assets from potential attack
by a malicious mtruder 1s a vitally important component to
consider 1n future IP based networks and services. A security
failure 1n this realm can be extremely costly to the telecom-
munication service provider both in real economic terms as
well as 1in reputation. The security capability, however, should
be implemented 1n a scalable manner.

Interconnection of large-scale IP networks presents new
twists to security challenges that can benefit from added
perimeter protection measures. Distinct from traditional data,
broadband, Voice over Internet Protocol (VoIP) and multime-
dia services are interactive, utilize separate signaling and
transport flows, and place unique Quality of Service (QoS)
and security requirements on the network that take into
account users and policies derived from signaling and down-
stream network topology. Carrier-to-carrier VolP peering,
Hosed IP Centex and other multimedia packet-based services
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present new challenges for IP networks and edge networking
technologies. These services are to be delivered between dit-
terent IP network “1slands™ traversing borders between car-
rier and customer and carrier-to-carrier often between private
and public networks. Carriers are confronted with deploy-
ment barriers such as security, service level assurance and

Network Address Translation (NAT) traversal. Layer 3 and 5
(application) security enhancements are difficult to 1mple-
ment, either because of the inherent very-distributed nature of
VoIP networks (many hops), or because they imvolve the use
of digital certificate-based key systems which are notoriously
difficult to manage, especially, at the carrier class scale of a
network of a typical local service provider’s size. An alterna-
tive 1s to protect crucial network assets such as the Softswitch
infrastructure components, namely media gateways, signal-
ing gateways, and application servers, through the use of
network perimeter protection devices that will block poten-
tially nefarious unwanted traffic from ever reaching those
assets.

The network edge has evolved to be not only an access
point but also a demarcation point and 1dentifies the boundary
of trust between the carrier’s service network and its external
customers and peers. The state of the art in VoIP security
today 1s centered on the protection of these network “bor-
ders”. These border devices, of necessity, need to implement
firewall capabilities 1 both stateless and stateful modes
thereby introducing new challenges for carrier class imple-
mentations, as stateful modes carry the burden of being
extremely consumptive of CPU cycles for the devices per-
forming the function.

In VoIP, the ports used to carry the media part of the call, are
dynamically assigned through signaling, taken down upon
call termination, and reused for a subsequent call at a later
time. This technology 1s denominated “dynamic pinhole {il-
tering’ as firewalls need to filter traflic dynamically by open-
ing/closing ports (pinholes) depending on the state and
progress ol a call. The correct implementation of this tech-
nology, at the network edge, provides indeed a good level of
protection at a level of granularity not otherwise achievable
with other current security technologies.

At least one local service provider 1s currently involved 1n
major projects that should involve the eventual deployment of
this stateful capability of “dynamic pinhole filtering”. Value
Added Data Security Services (VADSS) may include such
things as stateful pinhole filtering and the provisioning of
VADSS capabilities to customers from a network’s edge and
can be provided as a value-added revenue generating service.
Another application could involve the large scale deployment
of a Softswitch that will provide customers with hosted VoIP
based services and advanced features. One of the possible
devices considered for the security architecture of a Soft-
switch infrastructure 1s a Session Border Controller (SBC).
Such SBCs would include, as an important component, the
capability of stateful packet filtering for the media streams.
These SBCs with stateful packet filtering would be used 1n
place of conventional devices that perform Network Address
Translation (NAT) techniques, but do not include a dynamic
filtering capability.

A major 1ssue of concern associated with the testing of this
dynamic stateful filtering capabaility, for both of these poten-
t1al services, 1s the verification of 1ts performance at the rates
demanded by a carrier class network, namely Gigabit-Ether-
net (GigE) interfaces with typical concurrent sessions of the
order of up to 100K or higher. It would be beneficial for
service providers to develop the methodology and the inte-
grated tools to perform testing of statetul capable “dynamic
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pinhole filtering™ for evaluating functional operation and per-
formance of firewalls at carrier class traific levels.

Value Added Data Security Services will now be described.
Value Added Data Security Services (VADSS) may be imple-
mented as a suite of network-bases services that complement
and add value to the basic capabilities of a local carrier’s
network-based IP-Virtual Private network (VPN) service
and, represent a novel way of revenue generation. An exem-
plary VADSS service suite includes:

Virtualized firewall providing basic stateful firewall-cus-
tomer-configurable rule sets for packet filtering, and full
statetul firewall with dynamic pinhole filtering to protect
customer assets from threats outside their network

Internet Offload—an Internet access capability directly
from the IP/MPLS infrastructure; and

IPSec tunnel terminations

The ability of VADDS to provide security services and
Internet access from within a provider network 1s what dis-
tinguishes VADSS from similar offerings that depend on
managed Customer Premise Equipment (CPE). By leverag-
ing the economies of scale of platforms capable of running
multiple instances of such applications as firewalls, a local
service provider can offer these virtualized services at the
Service Edge Router level. Internet threats are kept at arm’s
length, away from the customer access link through network-
based firewalls and address translation within the provider
infrastructure. VADDS could include the provisioning of vir-
tualized firewalls, each supporting a host of stateless proto-
cols, as well as Application Layer Gateway capabilities for
SIP, H.323, Skinny, and MGCP, at GigE rates and supporting
100K concurrent sessions.

Session Border Controllers for Softswitch Infrastructure
will now be described. Existing edge functions such as aggre-
gation, class based queuing and packet marking, address
translation, security and admission control are insuilicient to
meet the requirements for the new Softswitch based VoIP
services. In addition to these traditional edge functions, VoIP
and multimedia services present new requirements on the
network edge including QoS and bandwidth theit protection,
inter-working of incompatible signaling networks, Lawiul
intercept, €.g., anonymous replication & forwarding of pack-
ets, and most significantly, the capability to perform stateful
packet 1nspection, e.g., for voice streams, also called
“dynamic packet filtering”, at carrier-class rates. The service
delivery network should be augmented with solutions that
address these unique requirements. The existing edge router,
complemented by a new class of product called a Session
Border Controller (SBC), become the border element in the
next generation network (NON) architecture.

Session Border Controllers are a new category of network
equipment designed to complement existing IP infrastruc-
tures, to deliver critical control functions to enable high qual-
ity interactive communications across IP infrastructures, to
deliver critical control functions to enable high quality inter-
active communications across IP network borders. A “‘ses-
s1on’” 1S any real-time, mteractive voice, video or multimedia
communication using IP session signaling protocols such as
SIP, H.323, MGCP or Megaco/H.248. The “border” 1s any
IP-1IP network border such as those between service provider
and customer/subscriber, or between two service providers.
“Control” functions minimally include security and service
assurance. Security functions provide access control and
topology hiding atlayers 3 and 5. Service assurance functions
guarantee session capacity and control.

Security and address preservation features include network
access control based on stateful packet inspection, with fire-
wall dynamic pinholes created only for authorized media
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flows, and network topology hiding at both layer 3 and 5 via
double network address and port translations. SBCs addition-

ally protect softswitch, gatekeeper, gateway, application
server, media server and other service other service inira-
structure equipment from Denial of Service (DoS) attacks
and overload with rate limiting of both signaling messages
and media flows. SBCs simultaneously support SIP, MGCP
and H.323 networks by actively participating in session sig-
naling and can be controlled by a third part, multi-protocol
softswitch, H.323 gatekeeper or MGCP call agent using a
pre-standard MIDCOM protocol. The Performance require-
ments for some typical SBCs 1n a carrier class environment
typically range 1n the order of 5 Gig with 100K concurrent
SEsSs101S.

Strict verification of the correctness of a security imple-
mentation through testing, however, 1s of paramount 1mpor-
tance as any defective implementation could result in win-
dows of vulnerability that could be exploited by a malicious
intruder to invade the very assets being protected. In the realm
of security, a faulty implementation of a security device 1s
doubly dangerous, as unnoticed backdoors that can be used
for malicious intent, will contribute to a false sense of secu-
rity. These windows of vulnerability can 1n turn be used by a
malicious attacker for a Denial of Service attack, 1n the sim-
plest case, up to a takeover of network assets that can be used
to control and disrupt other parts of the network. The penalty
associated with this security capability, however, 1s a consid-
erable degradation 1n performance. The consequence of this
performance degradation can result in two equally unappeal-
ing outcomes: (1) excessively long windows of vulnerability;
and (11) a self-intlicted Denial of Service attack as the under-
performing device shuts out subsequent calls.

In view of the above discussion there 1s a need to properly
benchmark and verily the performance of various firewall
security devices. Methods and apparatus that will permait a
quantification of functionality and performance at carrier-
class scales would be especially beneficial.

SUMMARY OF THE INVENTION

The present invention 1s directed to methods and apparatus
for testing of Internet-Protocol packet network perimeter pro-
tection devices, e.g., Border Gateways such as Session Bor-
der Controllers and/or service edge router adjuncts, including
dynamic pinhole capable firewalls. Analysis and testing of
these network perimeter protection devices 1s performed to
evaluate the ability of such device to perform at carrier class
levels. The efliciency of call signaling processing and state
table look-up functions, implemented 1n a particular perim-
eter protection device, are determined and evaluated. Proper
performance and efficiency of such perimeter protection
devices are evaluated as a function of a rate of session signal-
ing change (related to call signaling processing), €.g., session
establishment rate (assuming no sessions are being dropped),
and/or as a function of total pre-existing active sessions (re-
lated to state table look-up processing). Various different
network perimeter protection devices, e.g., of different types
and/or from different manufactures, can be benchmarked for
suitability to carrier class environments and comparatively
evaluated. For purposes of discussion, calls, e.g., VOIP ses-
s10ns, swill be used as exemplary sessions. It should be appre-
ciated that various exemplary equations and examples that
discuss calls are, equally applicable to the more general case
ol sessions and session signaling.

Various features of the invention are directed to test equip-
ment devices, e.g., enhanced Integrated Intelligent End Points
(IIEPs), for fault testing, evaluating and stressing the network
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perimeter protection devices in a system environment. In
typical but not necessarily all implementations, these special-
1zed test devices are used 1n pairs, one on each side of a
firewall under test. These test equipment devices include a
heavy duty tratfic generator module, monitoring and analysis
clements. In various embodiments, the monitoring and analy-
s1s elements include a CPU utilization analysis module, and a
graphical output capable module for displaying test results 1n
any one of a plurality of user friendly graphical display for-
mats.

Stateful packet filtering 1s a very consumptive process of
both memory and CPU utilization. The memory utilization 1s
expected to be linear according to the size of the state table.
The CPU utilization, on the other hand, 1s extremely complex
and can be approximately modeled as follows:

cpu(t)=call-rate(f)x (Jcall-rate(f)dt)xe

where:

call-rate=arriving calls

Jcall-rate(t)dt=total calls in process

e=elliciency factor in table look-up.

In accordance with one feature of the invention, an effi-
ciency lfactor, €, which can be expressed as efliciency func-
tion, for a border gateway device including statetul dynamic
pinhole filtering through 1ts firewall 1s determined.

In one, but not all implementations, the efficiency factor 1s
determined using the following equation:

e=cpu(t)/(call-rate(t)x(Jcall-rate(s)dr))

where:
the number of arriving calls and the total number of total calls
in progress are controlled using known test inputs and the cpu
utilization 1s a measured output parameter.
In the above example, the term calls 1s used but 1t should be
appreciated that the equation 1s applicable to sessions more
generally. In the following portions of the present application
the term call or calls should be interpret as a communications
session, e€.g., a voice or data session, unless the reference 1s
explicitly to a “voice call” or “VOIP call” 1n which case the
reference 1s to a voice call or voice session and should not be
interpreted as covering a non-voice data session.
The cpu(t) usage has a direct impact on the speed of pinhole
closing. Determination of closing delay, measured by a
parameter called Closing Delay Window of Vulnerability
(CDWYV), 15 a sigmificant measure of firewall operation efli-
ciency. Correlation between cpu(t) and the CDWYV parameter
as a function of time can yield new information on efficiency
of table look-up algorithm. This model 1s based on 1nsights
derived from actual testing performed at a local service pro-
vider’s laboratory.
The model assumes that a state table, e.g., a 5-tuple table,
1s used to implement some pinhole filters will grow linearly
with the number of active calls, hence memory usage grows
linearly, but the CPU usage 1s highly nonlinear. For each
S-tuple entry in the table, several actions that are very CPU
intensive are normally performed, including:
Signaling packet mnspection throughout the length of the
call, in particular, INVITE 20K, and waiting for a BYE
(to use a SIP example),

Port coordination,

Keeping timers for two IP addresses and two ports 1n each
S-tuple and looking for respective expirations.

Beyond the signaling packet processing which is related to
the incoming call rate, the timers use the association of RTP
packets with table entries, thus involving table traversal for
cach armiving media packet. As the table gets too large
because of a large number of concurrent sessions which
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increases the size of the table, available CPU time gets used
up fairly quickly. As a result, CPU utilization tends to be a
function of the total number of calls 1n play, e.g., the integral
in the above exemplary CPU loading formula, and directly
related to the length of the state table, e.g., 5-tuple state table,
used to implement the firewall as well as the inherent pro-
cessing involved in call signaling for high incoming call rates.
It 1s assumed that while the firewall device’s CPU 1s work-
ing under normal operating conditions, €.g., acceptable load-
ing levels, pinholes would close fairly quickly, almost instan-
taneously, and negligible spread in pinhole (e.g., firewall
port) closing timing would be observed. However, as the CPU
starts to become time overloaded, BYEs might be missed,
timers might not be handled properly and thus the time to
closing, 1.e., closing delay window of vulnerability (CDWV),
would start getting longer and longer. As a function of call
load, represented by the number of 1n-process pre-existing
calls and/or the rate of new incoming calls, the CDWYV would
begin to show some spread, until the cpu could no longer
handle any new calls. At this point, no new pinholes can be
opened, and therefore an “opening delay” parameter may also
be measured. Subsequently the CDWYV would start coming
back to normal levels, e.g., as the rate on new incoming calls
dropped, and the opening delay would again becomes negli-
gible.
The methodology of the invention includes, in various

embodiments, the generation and study of curves of CPU vs.
call rate (X,Y), CPU vs. total calls (X,Y ), CPU vs. (call rate,

total calls) (X,Y,Z), CDWYV vs call rate (X,Y), CDWYV vs,
total calls (X,Y), and/or CDWYV vs (call rate, total calls)
(X,Y,Z) which can be used characterize the system. In some
embodiments, pinhole opening delays are also measured and
studied as a function of call rate, total calls, and (call rate, total
calls) to further characterize the system. If a vendor were to
have a very clever algorithm to do the table keeping, this
should be observable 1n the determined efficiency factor, e.g.,
by a high value in comparison to other vendors. In the regime
of convulsive “borderline” behavior 1s where 1t 1s to be
expected that the most interesting results will be data-mined.
The correlations of these parameters (e.g., CPU utilization,
CDWYV, opening delays, call rate, total calls, call rate 1n com-
bination with total calls) allows the discernment of patterns,
and thus permits the performance of the firewall device under
test to be characterized 1n a quantitative and useful manner.
In order to obtain quantitative test results from which a
firewall efficiency factor can be determined, and the effi-
ciency ol different firewall implementations tested and com-
pared, various testing implementations of the present inven-
tion mvolve testing firewalls of border gateway routers under:
1) varying session load conditions, e.g., the number of pre-
existing calls (current sessions) which exist at a given time
and 2) different rates of session change, e€.g., as may be
expressed in terms of the rate at which communications ses-
s1ons are created or dropped (incoming call rate/call drop).
As part of the test procedure, the firewall of a boarder
gateway router 1s subjected to different amounts of constant
or relatively constant numbers of ongoing communications
sessions. Typical experimental processes performed in accor-
dance with methods of the present invention would measure:
1. cpu(t) as a function of incoming call rates (continuously
from 1 call/sec to 1 Kcall/sec) while maintaining the
number of preexisting calls fixed. This measurement
would effectively 1solate the contribution of call signal-
ing processing to the cpu utilization.
2. Process 1 repeated for increasing numbers ol preexisting,
callsranging from O to 100K 1n steps of 1000 preexisting
calls. These measurements would add the complexity of
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state table keeping and the corresponding look-up
mechanisms for arriving RTP packets to the cpu utiliza-
tion.

3. cpu(t) as a function of preexisting concurrent sessions
(ranging from O to 100K 1n steps of 1000 calls) for fixed
rates of incoming calls

4. Process 3 repeated for increasing rates of incoming calls
ranging from 1 call/sec to 1K call/sec. These measure-
ments would add the complexity of state table keeping
and the corresponding look-up mechanisms for arriving
RTP packets to the cpu utilization required to process
new calls namely the call signaling processing compo-
nent.

5. CDWYV (measured 1in millisec units) as a function of
incoming call rates (continuously from 1 call/sec to 1
Kcall/sec) while maintaining the number of preexisting
calls fixed. This measurement would effectively i1solate
the contribution of call signaling processing to the cpu
utilization.

6. Process 1 repeated for increasing numbers of preexisting
calls ranging from O to 100K 1n steps of 1000 preexisting
calls. These measurements would add the complexity of
state table keeping and the corresponding look-up
mechanisms for arriving RTP packets to the cpu utiliza-
tion.

7. CDWYV (measured 1in millisec units) as a function of
preexisting concurrent sessions (ranging from O to 100K
in steps of 1000 calls) for fixed rates of incoming calls.

8. Process 3 repeated for increasing rates of incoming calls
ranging from 1 call/sec to 1K call/sec. These measure-
ments would add the complexity of state table keeping
and the corresponding look-up mechanisms for arriving
RTP packets to the cpu utilization required to process
new calls namely the call signaling processing compo-
nent.

9. Correlation of data from processes 4 and 8 analyzed
graphically and without eliminating the possibility of
using other advanced techniques of data classification
and analysis collectively known as “data mining”.

From this data, a 4 dimensional matrix with the data above
can be constructed with following values (call-rate, total
existing calls, cpu, CDWYV). This matrix will be used to
extract the graphical representation described above 1n any
“slice” necessary for data segmentation, for example (call-
rate, total existing calls) or (call-rate, total existing calls,
CDWYV) or (call-rate, total existing calls, cpu) or (CDWD,
cpu), efc.

During a period of time 1n which the number of ongoing
communications sessions, €.g., VOIP calls, which are main-
tained 1s held constant, a large number of communications
sessions, e.g., calls, are initiated. The call in1tiation signaling
can be 1n parallel for multiple calls, e.g., with multiple call set
up signals being sent at the same time. These calls which are
in addition to the ongoing calls which are maintained, may be
terminated, e¢.g., in parallel, to stress the firewall. This may
involve sending multiple session termination signals at the
same time. Session establishment and termination can be
implemented at a known measurable rate to provide a desired
rate communications session change, ¢.g., the adding or drop-
ping of 10,000 calls or more 1n a second. One or more calls are
terminated during the period of time where a predetermined
level of session signaling 1s maintained, e.g., by maintaining
a fixed number of sessions, adding and terminating an equal
number of sessions or by performing some combination of
these operation. As the rate of communications session
change 1s varied, processor, e.g., CPU, utilization in the
device, e.g., border gateway router implementing the
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dynamic firewall, 1s monitored. The CPU utilization informa-
tion, retlecting ditferent amounts of CPU utilization at ditfer-
ent rates of communications session change, provides infor-
mation on the elliciency of the firewall under a particular
constant load, e.g., the fixed number of continuing commu-
nications sessions which are maintained while the rate of
communications session change i1s varied. During the test
process, the amount of time required to close pinholes from
the time a communications session termination message 1s
redetected and/or generated 1s also monitored thereby provid-
ing information on the rate of pinhole closing under different
load conditions.

In accordance with the invention, different constant com-
munications session loads are used during different periods of
time as part of the processes of testing a wide range of ditler-
ent communications session change rates for a plurality of
different constant communications session loads. These con-
stant conditions may be maintained by maintaining a fixed
number of ongoing session and/or by creating and terminat-
ing sessions at the same rate thereby resulting 1n a constant
firewall loading condition. Thus, the system of the present
invention 1s able to collect a wide range of CPU loading and
pinhole closing delay information for a wide range of con-
stant session loads and different rates of session signaling.
The precise order 1n which the loads and/or rates of session
signaling are varied 1s not important 1n most embodiments
and the order or load and rate testing may vary depending on
the particular implementation.

The resulting test information 1s analyzed, processed and
eificiency estimates are generated for the various constant
communications sessions loads and diflerent rates of com-
munications session change. The different rates of change can
be imtroduced by establishing additional sessions beyond
those need to maintain the constant load. The resulting effi-
ciency factors as well as pinhole closing rate information
and/or CPU utilization information are determined, pro-
cessed and displayed 1n a graphical representation on a dis-
play device. Plots of the analysis may, and 1n some embodi-
ments are, also printed. Multiple firewalls, e.g., with different
CPUs and/or hardware configurations can be tested 1n accor-
dance with the present invention. In some embodiments, the
results for multiple firewalls, e.g., plots of analysis, efficacy
factors, pinhole closing delays, etc. are plotted and displayed
graphically for multiple firewalls on a single display or print-
out. In this manner characteristics and efliciency of multiple
firewalls can be displayed and reviewed 1n an intuitive and
casy to interpret manner.

In various embodiments the testing method described
above with regard to a first dynamic firewall, operating 1n a
first border gateway router positioned between a trusted and
untrusted network zone, 1s repeated for various different bor-
der gateway routers, e.g., a second, third, fourth, etc. router
cach of which may include different hardware and/or
dynamic firewall implementation software. In this manner
CPU utilization and firewall implementation efficiency can
be tested and compared 1n a verifiable manner while, at the
same time testing the dynamic firewall to make sure that it
provides the error of protection expected in terms of port
opening and/or closing delays as communications sessions
are 1mtiated and/or terminated. The methods and apparatus of
the present invention may be used with implementations that
support SIP and/or H.323 signaling.

In accordance with one feature of the present invention,
CPU utilization, determined efficiency factors, and/or port
opening and/or closing delays measured for several different
firewall 1implementations and/or gateway routers are dis-
played in a single graphical representation allowing for
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simple and intuitive comparisons between the efficiency and
reliability of various dynamic firewalls.

The methods of the present invention seek, and do, deter-
mine elfliciency factors and/or functions corresponding to one
or more different network border security devices including
dynamic pinhole filtering capabilities and allows for the
benchmarking of each evaluated device. The method used in
various exemplary implementations includes: stressing the
firewall device under test at various load levels and conditions
up to and/or exceeding typical carrier class network loads,
measuring parameters indicative of functional operation and
performance, obtaiming graphical results, and using data min-
ing analytical techniques.

An exemplary method of the invention focused on SIP
additionally involves various preliminary steps that should be
considered 1n order to have clean data to perform the above
analysis. First, a preliminary analysis will be performed, prior
to testing. An exemplary analysis may include the following;:

Create a set of call flows that may cause incorrect operation
of the SUT, including at least some of the following set,
but not limited to the following set.

1. incomplete SIP transactions

11. partial closing of sessions (offer/answer)

111. specialized SIP call modification requests such as
UPDATE

1v. interactions with RTCP

v. interactions with S/MIME and TLS within call signaling

v1. failures of user agents (crashes, etc.) 1n mid-call

vil. removal of Route headers by end systems to bypass
SUT

viil. 1interactions with NAT and NAPT

Having modeled the SUT including the perimeter protec-
tion devices including dynamic stateful pinhole filtering
capabilities, and having devised a set of call flows to be
implemented as part of the test procedure, testing apparatus,
¢.g., enhanced Integrated Intelligent End Points (IIEPs),
implemented in accordance with the present invention are
coupled to the SUT on both sides of the perimeter protection
device or devices to be tested. Call flows are generated, 1n
accordance with the devised set of test calls/flows and the
response 1s monitored, observed, and recorded.

The results are evaluated to check for one or more of the
following problems or conditions:

(1) Excessive delay 1n opening “pinholes” resulting 1n

“unintentional” Demal of Service.

(11) Determination of incorrectly allocated “pinholes”,
resulting in Denial of Service.

(111) Determination of opening of extraneous “pinholes™/I1P
address combinations through the firewall, increasing
the systems vulnerability through unrecognized back-
doors.

(1v) Determination of incorrect operation that includes per-
manently-open pinholes as well as pinholes that fail to
be opened, thus causing call failure.

(v) Determination of 1nability to correlate call-state infor-
mation with established rules 1n the firewall.

Another stage of the test method, used 1n some embodi-
ments, mvolves the specific measurement of the delay to
pinhole opening and delay to closing under different call
loads with the goal of using the Integrated Test Analysis (ITA)
Tool as a performance analyzer for SUTs with statetull fire-
wall capabilities under carrier class rates. The testing includes
one or more of the following, 1n accordance with the methods
of the present invention.

(1) The enhanced IIEPs have been supplemented, with

respect to lower traflic rate IIEPs, to include a heavy duty
traffic generator to stress a firewall with increasing
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loads, e.g., up to 100000 concurrent stateful sessions, 1n
order to study the behavior of firewall and obtain an
efficiency factor or efficiency function corresponding to
the perimeter protection device including the firewall.

(11) An analytical module, as part of the I'TA, will record the
CDWYV timings and present the curves CDVW vs. load
in graphical form for analysis. Stress points will be
determined from curves as overload behavior.

(111) Benchmarks on cpu(t) will be determined on firewall
CPU performance from load parameters and conclu-
stons drawn on appropriate stateful firewall design
model.

Another exemplary method of the invention, which 1s
focused on H.323 protocol instead of SIP, will now be
described briefly. An exemplary method of the mmvention
focused on H.323 additionally involves various preliminary
steps that should be considered 1n order to have clean data to
perform the above analysis. Many of the steps associated with
the H.323 protocol security testing method are similar to
those used for testing the security of devices implementing
SIP 1n the manner discussed above. In the method used for
testing devices implementing H.323 first, a preliminary
analysis 1s performed, prior to testing. An exemplary analysis
may include one or more of the following:

Create a set of call flows that may cause incorrect operation
of the SUT, including at least some of the following set,
but not limited to the following set:

1. incomplete H.323 transactions;

11. partial closing of sessions (offer/answer);

111. 1nteractions with RTCP;

1v. interactions with H.235 and TLS within call signaling;

v. failures or crashes in mid-call;

v1. removal of headers by end systems to bypass SUT; and

vii. interactions with NAT and NAPT.

Having modeled the SUT including the perimeter protec-
tion devices including dynamic stateful pinhole filtering
capabilities, and having devised a set of call tlows to be
implemented, testing apparatus, e.g., enhanced Integrated
Intelligent End Points (IIEPs), implemented in accordance
with the present mvention are coupled to the SUT on both
sides of the perimeter protection device or devices to be
tested. Call flows are generated, in accordance with the
devised set of test calls and the H.323 standard and the
response 1s monitored, observed, and recorded.

The results are evaluated to check for any one or more of
the following problems or conditions:

(1) Excessive delay 1 opening “pinholes”, resulting in

“unintentional” Denial of Service;

(11) Determination of incorrectly allocated “pinholes™,
resulting 1n Denial of Service;

(111) Determination of opening of extraneous “pinholes” IP
address combinations through the firewall, increasing
the systems vulnerability through unrecognmized back-
doors;

(1v) Determination of incorrect operation that includes per-
manently-open pinholes as well as pinholes that fail to
be opened, thus causing call failure; and

(v) Determination of inability to correlate call-state infor-
mation with dynamically established rules in the fire-
wall.

Another stage of the test method involves the specific mea-
surement of the delay to pinhole opening and delay to closing
under different call loads with the goal of using the Integrated
Test Analysis (ITA) Tool as a performance analyzer for SUTs
with stateful firewall capabilities under carrier class rates. The
testing includes one or more of the following, in accordance
with the methods of the present invention.
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(1) The IIEPS will be supplemented with a heavy duty
traffic generator to stress firewall with increasing loads,

e.g., up to 32000 concurrent stateful sessions, to study
behavior of firewall;

(1) the analytical module will record the CDWYV timing
and present the curves CDV W vs. load 1n graphical form
for analysis. Stress points will be determined from
curves as overload behavior; and

(111) benchmarks on CPU(t) will be determined on firewall
CPU performance from load parameters and conclu-
sions drawn on appropriate stateful firewall design
model.

The testing of the above described methods may be
repeated using different perimeter protection devices, e.g.,
from different vendors. Comparative benchmark functional-
ity and performance mnformation may be used by a service
provider 1n the selection of the supplier and type, e.g., model,
of the perimeter protection device to purchase and incorpo-
rate 1n their IP network. In addition, results and conclusions,
data mined from the testing and analysis including observed
faults and elficiency factors or efficiency functions may be
forwarded to a vendor 1n a partnership arrangement with the
service provider. The vendor, knowing the precise algorithm
implemented for the state-table access functions, can use such
information to fine tune their algorithm to increase etficiency
of CPU utilization.

The present invention, 1 various H.323 testing embodi-
ments, also includes specialized testing and analysis equip-
ment, implemented in accordance with the present. For
example multiple enhanced Integrated Intelligent End Points
(IIEPs), strategically placed, in a SUT, may be part of an
Integrated Test Analysis (ITA) tool or testing/evaluation sys-
tem. Apparatus of the present invention may include heavy
duty traific generation tools, call generation modules, moni-
toring modules, graphical analysis modules, and analysis
modules which using data miming techniques to determine
eificiency {factors or functions for perimeter protection
devices using stateful dynamic pinhole filtering for a firewall
of an IP packet network.

Numerous additional features, benefits and details of the
various methods and apparatus of the present invention are
discussed in the detailed description which follows.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a drawing 1llustrating an exemplary soitswitch
structure and topology 1n a communications system including
network edge security devices including firewalls which may
be tested 1n accordance with the methods and apparatus of the
present invention.

FI1G. 2 comprising the combination of FIG. 2A and FIG. 2B
1s a flowchart of an exemplary method of testing and evalu-
ating the vulnerability and performance of network perimeter
protection devices; the method 1s directed toward SIP or a
similar protocol.

FIG. 3 comprising the combination of FIG. 3A and F1G. 3B
1s a flowchart of an exemplary method of testing and evalu-
ating the vulnerability and performance of network perimeter
protection devices; the method 1s directed toward M.323 or a
similar protocol.

FIG. 4 1s a drawing of an exemplary system under test
including test apparatus implemented in accordance with the
present invention.

FIG. 5 illustrates an exemplary testing apparatus, an
enhanced Intelligent Integrated End Point (IIEP), imple-
mented 1in accordance with the present mvention and using,
methods of the present invention.
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FIG. 6 1s a drawing of an exemplary n-tuple state table,
which may included as part of a network edge security device

including a firewall to store session information, the methods
and apparatus of the present mvention evaluating the eifi-
ciency ol the network edge security device’s algorithm to
retrieve and use stored information in the table under various
conditions.

FIG. 7 comprising the combination of FIGS. 7A, 7B, and
7C 1s a flowchart 700 of an exemplary method 1n accordance
with the present invention of testing and evaluating dynamic
pinhole capable firewall devices.

DETAILED DESCRIPTION

FIG. 11s a drawing 1llustrating exemplary Sottswitch inira-
structure and topology 1n an exemplary communications sys-
tem 100. Exemplary system 100 includes applications inira-

structure 102, networks infrastructure 104, access
inirastructure 106, and customer premise facilities infrastruc-
ture 108.

The networks infrastructure 104 includes a local carrier
Internet Protocol (IP) Network 110, IntereXchange Carrier
(IXC) networks 116, an H.323 and/or SIP Service Provider
Networks 118, Master Gateway Controller 126, Media Gate-
way 120, and Media Gateway 144.

Local Carrier IP network 110 1s an IP network providing,
connectivity and functionality for the delivery of advanced
voice and data services over IP by the local service provider.
Thelocal carrier IP network 110 includes a plurality of border
gateways (140, 140' 140", 140™") serving as perimeter protec-
tion devices for local carrier IP network 110.

Media Gateway 120, ¢.g., a Packet Voice Gateway (PVG)
such as a H.248 trunk gateway, 1s situated between local
carrier IP network 110 and Public Switched Telephone Net-
works (PSTNs)/SS7 networks. Trunk 122 couples the local
carrier IP network 110 to Media Gateway 120. In some
embodiments, the PSTN/SS7 network coupled to Media
Gateway 120 1s owned and/or operated by the same Service

Provider as local carrier IP network 110. A Media Gateway
Controller (MGC) 126, e.g., a VoIP Call Manager, 1s coupled

to the local carrier IP network 110 via link 128; the MGC 126
1s also coupled to an Applications Server Platform 158 via
link 132.

IXCs 116, e.g., long distance carriers, are coupled to local
carrier IP network 110 via trunk 134 and to Media Gateway
120 via trunk 136. The IXCs 116 may be coupled to other
local carrier IP networks and/or other PSTNs providing con-
nectivity between local carrier IP network 110 to other local
networks, of the same or a different service provider.

A plurality of border gateways (140, 140', 140", 140",
operating on the edge or perimeter of network 110, provide
firewall protection between the interior of local carrier 1P
network 110 and various external networks, service provid-
ers, media gateways, application servers, and/or customer
premises. Each border gateway (140, 140', 140", 140™), e.g.,
a Session Border Controller (SBC), includes a firewall
including statetul capable dynamic pinhole filtering. Border
Gateway 140 couples Media Gateway 120, Media Gateway
144, and IXCs 116 through its firewall to the interior of IP
network 110. Border Gateway 140' couples Master Gateway
Controller 126 through 1ts firewall to the interior of IP net-
work 110. Border Gateway 140" couple H.323/SIP service
provider network 118 through 1ts firewall to the interior of IP
network 110. Border Gateway 140™ couples various cus-
tomer premise equipment 191, 198, 103, 194 through its
firewall to the interior of IP network 110. In general the
number and types of Border Gateways used 1n local carrier IP
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network 110 may vary depending upon loading consider-
ations, interconnectivity requirements, and the size of the
network 110. In addition, a single given border gateway need
not be, and 1n many cases 1s not, restricted to interfacing to a
single type or class of external network or device. For
example, 1n some embodiments, the same border gateway
which interfaces to a H.323/SIP service provider network
may also mterface to customer premise equipment.

The H.323/SIP service provider network 118 performs
Value Added Data Security Services (VADSS) for provi-
sioned customers. Some of these value added services may
include VoIP services and advanced features such as dynamic
pinhole filtering for the customer premises protection. Border
Gateway (140, 140', 140", 140""), amore secure alternative to
a NAT device, includes a stateful capability of “dynamic
pinhole filtering”. The VADSS can provision available capa-
bilities to customers from the local carrier IP network 110
edge, e.g., providing a more secure linkage to value-added
services and billing for access to those services. In some

embodiments, some value added services are included as part
of the border gateway (140, 140", 140", 140™), allowing the

local carrier to receive revenue for those local network
sourced value added services. The stateful modes of opera-
tion employed 1n border gateway (140, 140', 140", 140™) are
extremely consumptive of CPU cycles for performing its
functions. The present invention provides testing apparatus
and methods for veritying the performance of border gateway
(140,140',140",140'") 1n terms of 1ts performance at the rates
demanded by a carrier class network, e.g., Gigabit Ethernet
(GigE) interfaces with typical concurrent sessions of the
order of up to 100K or higher.

For example, 1n Voice over Internet Protocol (VoIP) ports
used to carry the media part of the call, are dynamically
assigned through signaling, taken down upon call termina-
tion, and reused for a subsequent call at a later time. This
technology 1s denominated “dynamic pinhole filtering”, as
firewalls need to filter tratfic dynamically by opening/closing
ports (pinholes) depending on the state or progress of a call.
The correct implementation of this technology, e.g., in border
gateway 140, provides a good level of protection at a level of
granularity not otherwise achievable with other current secu-
rity technologies. The evaluation of the implementation and
level of protection provided by the dynamic pinhole filtering
at high traffic rates 1s provided by the methods and apparatus
of the present invention.

Networks 104 also include a Media Gateway 144, e.g., a
H.248 Line Gateway, coupled to local carrier IP network 110
via trunk 146. Media Gateway 144 1s also coupled to a plu-
rality of twisted pair Cu lines (148, 150, 152).

Application 1infrastructure 102 includes an application
servers’ platform 1358. Application Servers’ Platform 158
includes a plurality of application servers (Application Server
1 127, Application Server N 127"). Exemplary application
servers (127, 127") are, e.g., Ubiquity, MCS, CS2k applica-
tions. In some embodiments, local carrier integration appli-
cations may communicate with the application servers plat-
form applications 158 via SIP signaling 178, thus providing
an interface to a SS7 signaling network.

Customers, e.g., residential and/or business customers,
obtain access to networks 104 via the access infrastructure
106. Access infrastructure 106 includes Copper (Cu) lines,
¢.g., twisted pair Cu lines and coupling devices, indicated by
dotted line grouping 184 and/or by higher capacity lines, e.g.,
Digital Subscriber Lines (DSL) and/or Fiber To The Premise
(FT'TP) optical cables, coupling devices, and or other trans-
mission devices such as repeaters, indicated by dotted line
grouping 186.
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Customer Premise Facilities 108, includes a plurality of
different types of equipment such as, e.g., Integrated Services
Digital Network (ISDN) customer equipment 188, Digital
Loop Carrier (DLC) customer equipment 189, Plain Old
Telephone Service (POTS) customer equipment 190, PBX
network User 1/O devices 192, Integrated Access Devices
(IAD) 193, e.g., devices which supports voice, data, and
video streams over a single high capacity circuit, and a SIP
phone 194. The ISDN customer equipment 188, ¢.g., a video
conferencing system including an ISDN 1nterface 1s coupled
to media gateway 144 via Cu line 148. DLC customer equip-
ment 189 1s coupled to media gateway 144 via Cu line 150.
POTS customer equipment 190, e.g., a pulse type phone, a
dual tone multi-frequency (DTMF) type phone, a fax
machine, 1s coupled to media gateway 144 via POTS Cu line
152. DSL or fiber link 197, e.g., a trunk, couples the local
carrier IP network 110 to a customer Private Branch
Exchange (PBX) 198, ¢.g., a Mendian (H.323/MDCN) PBX
which 1s located at the customer premise facility 108. User
PBX I/0O devices 192 are coupled to PBX 198 via local
network link 199. DSL or fiber link 101, e.g., a trunk, couples
the local carrier IP network 110 to a Integrated Access Device
Gateway 101, e.g., a Master Gateway Control Protocol
(MGCP) IAD gateway, which 1s located at the customer
premise facility 108. User IAD I/0 device 103 1s coupled to
IAD gateway 101 via local network link 1035. SIP phone 194
1s coupled to local carrier IP network 110 via DSL or fiber link
107.

FIG. 2 comprising the combination of FIG. 2A and FIG. 2B
1s a flowchart 200 of an exemplary method of testing and
evaluating the vulnerability and performance of network
perimeter protection devices. These network perimeter pro-
tection devices protect crucial network assets such as Soft-
switch infrastructure components, €.g., media gateways, sig-
naling gateways, and application servers, by blocking
potentially nefarious unwanted traffic from ever reaching
those crucial assets. These network perimeter protection
devices, e.g., border gateway 140, implement firewall capa-
bilities 1n both a stateless and stateful modes, the statetful
modes being extremely consumptive of CPU cycles. The
border gateway 140 uses “dynamic pinhole filtering” as its
firewalls filter traffic dynamically by opening and closing
ports, sometimes referred to as pinholes, depending on the
state and progress of a call. The exemplary method of flow-
chart 200 1s directed toward testing an evaluating a network
perimeter protection device or devices interfacing with an
external service provider network utilizing H.323 or a similar
protocol.

The method starts 1n step 202 where system information,
¢.g., topology, element, signaling messages employed 1s gath-
ered. Operation proceeds from step 202 to step 204. In step
204, a prior analysis of the system 1s performed. Step 204
includes sub-step 206 of generating a trust model for the
architecture to be tested and sub-step 208 of devising a set of
call flows that may cause incorrect operation of the system
under test (SUT).

Sub-step 206 further includes lower level sub-steps 209,
210 and 212. In sub-step 208, protection requirements for
clements, ¢.g., 1n terms of attack source and/or type of attack
are 1dentified. In sub-step 210, the kind and/or level of trust to
be extended to each end system 1s 1dentified. In sub-step 212,
the communication relationships that exists are 1dentified.

In sub-step 208, as previously stated, a set of call flows that
may cause icorrect operation of the SUT are devised. Exem-
plary call flows include: incomplete H.323 transactions 210,
partial closing of sessions, €.g., offer/answer 212, interactions

with RTCP 214, interactions with H.235 and TLS within call
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signaling 216, failures or crashes 1n mid-call 218, removal of
route headers by end systems to bypass SUT 220, and inter-
actions with NAT/NAP 222.

Operation proceeds from step 204 to step 224, where the
devised call flows of step 208 are generated, input to the SUT
and the results are monitored. Step 224 involves the coupling
to the SUT of specialized pinhole testing apparatus, imple-
mented 1n accordance with the present invention, and the use
of such apparatus. The specialized pinhole testing apparatus
includes enhanced Integrated Intelligent End-Points (IIEPs)
placed outside the firewall in the untrusted network and inside
the firewall 1n the trusted network being guarded by the net-
work perimeter protection device, e.g., border gateway.

Operation proceeds from step 224 via connecting node A
225 to step 226. In step 226, checks are performed to identity
any observed or determined problems. Various operations
that may be performed in the checking process of step 226
include: (1) identifying an excessive delay in opening “pin-
holes” resulting 1n an unintentional denial or service 228, e.g.,
the interruption or prevention of one from making calls (11)
determine any incorrectly allocated “pinholes™ resulting 1n
denial of service 230, (111) determine any openings of extra-
neous “pinholes”/IP address combinations through the fire-
wall, increasing the systems vulnerability through unrecog-
nized backdoors 232, (1v) determine any incorrect operation
that includes permanently-open pinholes as well as pinholes
that fail to be opened, thus causing a call failure 234, and (v)
determine any inability to correlate call-state information
with dynamically established rules 1n the firewall 236.

Operation proceeds from step 236 to step 238. In step 238,
the test system 1s operated to measure the delay to pinhole
opening and the delay to pinhole closing under different call
loads using a performance analyzer, ¢.g., the Integrated Test-
ing Analyzer (ITA) tool, for SUTs with statetul firewall capa-
bilities under carrier class rates of operation. Step 238
includes sub-steps 240, 242, 244, and 246. In sub-step 240,
IIEPs are supplemented with a heavy duty traffic generator,
e.g., EMPRIX, and the firewall 1s stressed with increasing
loads, e.g., up to 32,000 concurrent stateful sessions, while
collecting study information on the behavior of the firewall.
In step 242, the analyzer module records the CDWYV timings,
processes the mformation, and presents curves of CDVW vs,
Load 1n a graphical form for analysis. Then 1n step 244, stress
points are determined from the curves and the specifics of the
overload behavior are documented corresponding to the
stress points. In step 246, benchmarks on CPU utilization,
cpu(t), are determined on firewall CPU performance from the
load parameters and conclusions drawn on the appropriate
corresponding stateful firewall design model.

FI1G. 3 comprising the combination of FIG. 3A and FIG. 3B
1s a tlowchart 300 of an exemplary method of testing and
evaluating the vulnerability and performance of network
perimeter protection devices. The exemplary method of flow-
chart 300 1s directed toward testing an evaluating a network
perimeter protection device or devices intertacing with an
external service provider network utilizing SIP or a similar
protocol.

The method starts 1n step 302 where system information,
¢.g., topology, element, signaling messages employed 1s gath-
ered. Operation proceeds from step 302 to step 304. In step
304, a prior analysis of the system 1s performed. Step 304
includes sub-step 306 of generating a trust model for the
architecture to be tested and sub-step 308 of devising a set of
call flows that may cause incorrect operation of the system
under test (SUT).

Sub-step 306 further includes lower level sub-steps 309,
310 and 312. In sub-step 309, protection requirements for
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clements, e.g., 1n terms of attack source and/or type of attack
are 1dentified. In sub-step 310, the kind and/or level of trust to
be extended to each end system 1s identified. In sub-step 312,
the communication relationships that exist are 1dentified.

In sub-step 308, as previously stated, a set of call flows that
may cause icorrect operation of the SUT are devised. Exem-
plary call flows include: mcomplete SIP transactions 310,
partial closing of sessions, e.g., offer/answer 312, specialized
call modification requests such as update 314, interactions
with RTCP 316, interactions with S/MIME and TLS within
call signaling 318, failures of user agents, e.g., crashes, 1n
mid-call 320, removal of route headers by end systems to
bypass SUT 322, and interactions with NAT/NAP 323.

Operation proceeds from step 304 to step 324, where the
devised call tlows of step 308 are generated, input to the SUT
and the results are monitored. Step 324 involves the coupling
to the SUT of specialized pinhole testing apparatus, imple-
mented 1n accordance with the present invention, and the use
of such apparatus. The specialized pinhole testing apparatus
includes Integrated Intelligent End-Points (IIEPs ) placed out-
side the firewall 1n the untrusted network and inside the fire-
wall 1 the trusted network being guarded by the network
perimeter protection device, e.g., border gateway.

Operation proceeds from step 324 via connecting node A
325 to step 326. In step 326, checks are performed to 1identily
any observed or determined problems. Various operations
that may be performed 1n the checking process of step 326
include: (1) identitying an excessive delay in opening “pin-
holes” resulting 1n an unintentional denial or service 328, e.g.,
the mterruption or prevention of one from making calls (11)
determine any incorrectly allocated “pinholes™ resulting 1n
denial of service 330, (111) determine any openings of extra-
neous “pinholes”/IP address combinations through the fire-
wall, increasing the systems vulnerability through unrecog-
nized backdoors 332, (1v) determine any incorrect operation
that includes permanently-open pinholes as well as pinholes
that fail to be opened, thus causing a call failure 334, and (v)
determine any inability to correlate call-state information
with dynamically established rules 1n the firewall 336.

Operation proceeds from step 326 to step 338. In step 338,
the test system 1s operated to measure the delay to pinhole
opening and the delay to pinhole closing under different call
loads using a performance analyzer, e.g., the Integrated Test-
ing Analyzer (ITA) tool, for SUT's with stateful firewall capa-
bilities under carrier class rates of operation. Step 338
includes sub-steps 340, 342, 344, and 346. In sub-step 340,
IIEPs are supplemented with a heavy duty traific generator,
and the firewall 1s stressed with increasing loads, e.g., up to
100,000 concurrent stateful sessions, while collecting study
information on the behavior of the firewall. In step 342, the
analyzer module records the CDWYV timings, processes the
information, and presents curves of CDVW vs. Load 1n a
graphical form for analysis. Then in step 344, stress points are
determined from the curves and the specifics of the overload
behavior are documented corresponding to the stress points.
In step 346, benchmarks on CPU utilization, cpu(t), are deter-
mined on firewall CPU performance from the load parameters
and conclusions drawn on the appropriate corresponding
stateful firewall design model.

FIG. 4 1s a drawing 400 of an exemplary system under test
in accordance with the present invention. The exemplary

system includes a trusted zone 402 and an untrusted zone 404.
The trusted zone 402 includes a trusted network 406, e.g., a

local carrier IP network. The untrusted zone 404 includes an

untrusted network, e.g., a H.323 and/or SIP service provider
network 408. The trusted network 406 1s guarded on 1ts net-
work edges by perimeter protection devices 410, e.g., a bor-
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der gateway such as a session border controller device. The
perimeter protection device 410 includes a firewall 412 serv-
ing to guard the trusted network 410 and 1ts crucial Softswitch
infrastructure components. Perimeter protection device 410
includes stateless and stateful modes of operation. Perimeter
protection device 410 opens and closes ports, sometimes
referred to as pinholes, within its firewall 412. Perimeter
protection device 410 uses a set ol rules to control the opening,
and closing of these pinholes; those rules may, and often do,
include the maintenance and use of state information. Perim-
cter protection device 410 may have been specified by 1ts
manufacturer to operate within a set of performance values
under a set of specified loading conditions, e.g., a number of
concurrent stateful sessions.

Test Apparatus are included on each side of the firewall 412
to stress and evaluate the firewall 412 and the performance of
the perimeter protection device 410. An exemplary test appa-
ratus, 1 accordance with the present invention, 1s an
enhanced integrated intelligent end point (IIEP) 414 includ-
ing a heavy duty trailic generator 416, and an analyzer mod-
ule 418. The analyzer module 418, 1n accordance with the
present invention, includes a CPU evaluation module 420.
Heavy duty tratfic generator module 418 allows the enhanced
IMP to generate traific with increasing loads, e.g., to produce
up to 32,000 concurrent stateful sessions, to stress firewall
412. Analyzer module 418 allows the enhanced ITEP to moni-
tor, record and evaluate the operation of the perimeter protec-
tion device, e.g., detecting faults, detecting denials of service,
detecting vulnerabilities, violations of firewall rules, and
CPU utilization. CPU evaluation module 420 evaluates
perimeter protection device 410 as loading conditions
increase resulting 1 increased CPU utilization cpu (t). The
CPU evaluation module 420 compares observed CPU firewall
performance to benchmarks to evaluate the stateful firewall
design model.

Enhanced IIEP 414' in untrusted zone 404 1s the same or
similar to enhanced IIEP 414 in trusted zone 402. Although
cach enhanced IIEP 414, 414' 1s implemented, the same or
similarly, different modules or functions within the enhanced
IIEP may be used depending upon where the IIEP 1s situated,
¢.g., with respect to firewall 412. For example, H.D traific
generator 416' in enhanced IIEP 414" may be the primary
source ol the high traffic flows, while analyzer module 418 1n
enhanced IIEP 414 may be the primary recipient of monitored
information used for CPU evaluation under load. Solid arrow
422 represents signaling flows between enhanced IIEP 414
through untrusted network 408 to the exterior side firewall

412; while solid arrow 424 represents signaling flows
between enhanced IIEP 414 through trusted network 402 to

the interior side of firewall 412. Dashed arrow 426 shows an
optional connection between enhanced IIEP 414 and
enhanced IIEP 414' provided for testing purposes to coordi-
nate operations and share information between the enhanced
IIEPs 414, 414",

FIG. 5 illustrates an exemplary enhanced IIEP 500 which
may be used as the enhanced 11EP 414 or 414' shown 1n FIG.
4. The IIEP 500 includes an mput/output (I/O) device 508
which operates as an interface to the firewall 412 and to
additional devices and/or systems, €.g., a network manage-
ment system and/or external clock signal 560. The IIEP 500
also 1includes an mput device 502, output device 504, proces-
sor, ¢.g., CPU, 506, a memory 3510, a heavy duty traific
generator module 512 which are coupled together and to the
I/0 device 508 via a bus 514.

Input device 502 may be implemented as a keyboard
through which a system administrator can enter commands
and/or other data. Output device 504 may be implemented as,
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¢.g., a display and/or printer, and can be used to display and/or
print generated reports and information relating ongoing
tests, monitoring and/or firewall test results. CPU 506 con-
trols operation of the enhanced IIEP 500 including the gen-
eration of test signals and reports under control of one or more
of the modules stored in memory 510 which are executed by
CPU 506.

Memory 310 includes routines 316 and data/information
518. Various modules included in routines 516 include a call
flow generation module 520, an IP address and/or Port scan-
ning probe generation module 522, timing/synchromzation
module 524, a VoIP signaling and media generation module
526, a call flow monitoring module 528, and a traific analysis
and/or report generation module 530. Call flow generation
module 520 1s used to generate call flows which have been
devised, based on the model of the system architecture which
are 1ntended to potentially cause incorrect operation of the
system under test, and pre-loaded into the memory 510. IP
and/or port scanning probe generation module 522 1s used to
generate test signals 1n accordance with the invention. Tim-
ing/synchronization module 524 is used to synchronize the
operation of the enhanced IIEP 500 with another enhanced
IIEP device, e.g., by synchronizing the enhanced IIEP opera-
tion to an external clock signal source 560, which 1s also used
by at least one other enhanced IIEP device. VoIP signaling
and media generation module 526 1s used to generate SIP
and/or H.323 compliant call setup and termination signals as
required by the testing process of the present mnvention. Call
flow momitoring module 528 1s used to collect information,
¢.g., pertaining to the firewall, as the testing proceeds. Tratfic
analysis and/or report generation module 530 1s used to ana-
lyze detected signals including signals passing through the
firewall, signals rejected by the firewall, signals indicating
faults, and signals 1indicating overload, and generate reports
on firewall operation there from.

Traffic analysis and/or report generation module 3530
includes a problem 1dentification (ID)/determination module
532, a graphical presentation module 534, and a CPU evalu-
ation module 536. Problem ID/determination module 532 (1)
identifies excessive delays in pinhole opening resulting in
umntentional demal of service, (11) determines any incor-
rectly allocated pinholes resulting in denial of service, (111)
determines any openings of extraneous pinholes/IP address
combinations through the firewall, increasing the system’s
vulnerability to unrecognized back doors, (1v) determines any
incorrect operations that include permanently open pinholes
as well as pinholes that fail to be opened, causing call failure,
and/or (v) determine the mability to correlate call state infor-
mation with dynamically established rules in the firewall.
Graphical presentation module 334 processes nformation
and presents curves to the user in graphical format, e.g.,
curves of CDVW vs load. CPU evaluation module 536 deter-
mines stress points from the collected information and docu-
ments the overload behavior corresponding to the stress
points. The CPU evaluation module 536 also evaluates fire-
wall CPU performance as a function of the loading condi-
tions, compares the performance measured to benchmark
levels and specifications of the firewall design, and generates
reports 1dentifying conclusions.

Heavy duty traific generator module 512 1s operated under
the direction of the CPU 506 and functions in coordination
with routines 510. H.D. traffic generator module 512 1s used
to stress the firewall at different load level, e.g., up to 100,000
concurrent stateful sessions, so that the firewall’s behavior
and performance may be studied and evaluated as a function
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of load. High load levels are a particularly significant factor
when evaluating CPU performance of a perimeter protection
device.

Data/information 518 includes devised test call tlow set
information 338, load information 540, specified perfor-
mance 1nformation 542, detected/identified/determined
information 544, and reports/other information 346. Devised
test call flow information set information 538 may include,
¢.g., incomplete H.323 transactions, incomplete SIP transac-
tions, partial closing of sessions, specialized call modification
request such as updates, interactions with H.235 and TLS
within call signaling interactions with RTCP, interactions
with S/MINE and TLS with call signaling, failures of user
agents such as crashes 1n mid-call, removal of route headers
by end systems to bypass SUT, and/or interactions with NAT/
NAP. Devised test call flow set information 538 may be pre-
loaded, prior to the mitiation of testing, by a system admin-
1strator or operator, via input interface 502. Load information
540 includes information, e.g., a loading test profile, on the
different loading conditions of the firewall to be implemented
at different times as part of the test sequence. Load informa-
tion 540 1s used as mput by the H.D. traffic generator module
512. Specified performance information 542 includes firewall
design characteristics and/or requirements that are being
evaluated and against which measured performance 1s com-
pared. Specified performance information 342 may include,
¢.g., overload condition specifications, pinhole opening and
closing delay characteristics, and specified CPU performance
as a function of load. Detected/1dentified/determined 1nfor-
mation 544 includes information obtained from the call flow
monitoring module 528 and imnformation obtained from the
traffic analysis and/or report generation module 530.
Detected/identified/determined information 544 includes
timing measurement information 548, fault information 550,
overload information 552 and stress point information 554.
Timing measurement information 348 may include measured
pinhole opening and closing mnformation. Fault information
550 may include information such as identified denials of
service, determined extraneous pinhole openings, deter-
mined permanently open pinholes, determines pinholes that
fail to open, and/or determined faults in correlation of call
state information with firewall rules. Overload information
552 includes information documenting the firewall behavior
upon reaching an overload condition as well as the iput
conditions, €.g., loading and/or type of signaling, that resulted
in the overload. Stress point information 554 includes infor-
mation documenting the firewall behavior at a stressed con-
dition as well as the input conditions, e.g., loading and/or type
of signaling, that resulted in the stressed condition.

Reports/other information 546 includes CDVW vs load
reports 536, ¢.g., presented in a graphical format and CPU
utilization/firewall performance report 538. The CPU utiliza-
tion/firewall performance report 558 includes information
identifving detected problem areas, marginal areas, and infor-
mation comparing detected, measured, and/or determined
information to the specified performance information for the
firewall device, which includes benchmarking the firewall
device as a function of load.

FI1G. 6 1s a drawing of an exemplary n-tuple state table 600,
which may included as part of a network edge security device
including a firewall to store session information. Methods and
apparatus of the present invention evaluate the efficiency of a
network edge security device’s algorithm to retrieve and use
stored information 1n its state table under various conditions,
¢.g., various traffic load levels. Exemplary state table 600 1s an
exemplary layer 5 IP 3-tuple state table that may be included
as part of an exemplary perimeter protection device, e.g.,
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device 410 of FIG. 4. Each row of table 600 corresponds to a
set of state information for an active call. First row 602
corresponds to the state entries for active call 1; second row
604 corresponds to the state entries for active call 2; third row
606 corresponds to the state entries for active call 3; fourth
row 608 corresponds to the state entries for active call 4; Nth.
Row 610 corresponds to the state entries for active call N.
First column 612 corresponds to a source address 1; second
column 614 corresponds to a destination address 2; third
column 616 corresponds to the source port number; fourth
column 618 corresponds to the destination port number; fifth
column 620 corresponds to an IP Protocol number.

Exemplary state table size and memory used to store the
table grows linearly as a function of the number of active
calls. For each 5 tuple entry 1n table 600, several actions that
are very CPU intensive need to be performed: (1) signaling
packet inspection throughout the length of a cell, e.g., waiting
for a BYE 1n SIP signaling; (11) port coordination; (111) keep-
ing timers for two ports i each 3-tuple and looking for
respective expirations.

In addition to the signal packet processing, the timers
require the association of RTP packets with table entries,
requiring table traversal for every arriving media packet.

In accordance with on feature of the invention, an effi-
ciency factor, €, which can be expressed as elliciency func-
tion, for a border gateway device including stateful dynamic
pinhole filtering through its firewall 1s determined.

In one, but not all implementations, the efficiency factor 1s
determined using the following equation:

e=cpu(t)/(call-rate(t)x(Jcall-rate(t)d?))

where:

the number of arriving calls and the total number of total calls
in progress are controlled using known test inputs and the cpu
utilization 1s a measured output parameter.

The cpu(t) usage has a direct impact on the speed ol pinhole
closing. Determination of closing delay, measured by a
parameter called Closing Delay Window of Vulnerability
(CDWYV), 15 a significant measure of firewall operation efli-
ciency.

In order to obtain quantitative test results from which a
firewall efficiency factor can be determined, and the effi-
ciency of different firewall implementations tested and com-
pared, various testing implementations of the present inven-
tion mvolve testing firewalls of border gateway routers under
varying session load conditions and for different rates of
session change as may be expressed 1n the parallel termina-
tion of multiple communications sessions which are ongoing
through a firewall being tested.

As part of the test procedure, the firewall of a boarder
gateway router 1s subjected to different amounts of constant
or relatively constant numbers of ongoing communications
sessions. During a period of time 1n which the number of
ongoing communications sessions, €.g., VOIP calls, which
are maintained 1s held constant, a large number of communi-
cations sessions, €.g., calls, are mitiated. These calls which
are 1n addition to the ongoing calls which are maintained, are
terminated in parallel to stress the firewall. Thus, while the
calls may be initiated in parallel or at different times, the calls
are normally terminated in parallel to implement a known
measurable rate of communications session change, e.g., the
dropping of 10,000 calls or more 1n a second. Different num-
bers of calls are terminated 1n parallel during the period of
time where a predetermined number of calls are maintained.
As each of the different numbers of calls, corresponding to
different rates of communications session change are termi-
nated, CPU utilization in the device, e.g., border gateway




US 8,015,602 B2

21

router implementing the dynamic firewall 1s monitored. The
CPU utilization information, reflecting different amounts of
CPU utilization at different rates of communications session
change, provides information on the efficiency of the firewall
under a particular constant load, e.g., the fixed number of
continuing communications sessions which are maintained
while the rate of communications session change 1s varied.
During the test process, the amount of time required to close
pinholes from the time a communications session termination
message 1s sent 1s also monitored thereby providing informa-
tion on the rate of pinhole closing under different load con-
ditions.

In accordance with the invention, different constant com-
munications session loads are used during different periods of
time as part of the processes of testing a wide range of ditler-
ent communications session change rates for a plurality of
different constant communications session loads.

The resulting test information 1s analyzed, processed and
eificiency estimates are generated for the various constant
communications sessions loads and diflerent rates of com-
munications session change. The resulting efficiency factors
as well as pinhole closing rate information and/or CPU utili-
zation information 1s processed and displayed 1n a graphical
representation on a display device. Plots of the analysis may,
and 1n some embodiments are, also printed.

The testing method described above with regard to a first
dynamic firewall, operating 1n a first border gateway router
positioned between a trusted and untrusted network zone, 1s
repeated for various different border gateway routers, €.g., a
second, third, fourth, etc. router each of which may include
different hardware and/or dynamic firewall implementation
software. In this manner CPU utilization and firewall imple-
mentation etficiency can be tested and compared 1n a verifi-
able manner while, at the same time testing the dynamic
firewall to make sure that 1t provides the error of protection
expected 1n terms of port opening and/or closing delays as
communications sessions are initiated and/or terminated. The
methods and apparatus of the present invention may be used
with implementations that support SIP and/or H.323 signal-
ng.

In accordance with one feature of the present invention,
CPU utilization, determined efficiency factors, and/or port
opening and/or closing delays measured for several different
firewall 1mplementations and/or gateway routers are dis-
played 1 a single graphical representation allowing for
simple and intuitive comparisons between the efficiency and
reliability of various dynamic firewalls.

FIG. 7 comprising the combination of FIGS. 7A, 7B, and
7C 1s a flowchart 700 of an exemplary method in accordance
with the present invention of testing and evaluating dynamic
pinhole capable firewall devices to evaluate performance and
product suitability to carrier class environments. The method
begins 1n start step 702, where the umt under test (UUT), a
perimeter protection device, e.g., a Border Gateway such as a
Session Border Controller with dynamic pinhole capability,
1s coupled to the testing apparatus, e.g., two Enhanced Inte-
grated Intelligent End Points (IIEPs) including a heavy duty
traific generator module and an analyzer module, with one
IIEP on each side of the firewall. Operation proceeds from
step 702 to step 704.

In step 704, the testing system 1s operated to perform CPU
utilization (CPU(t)) and/or closing delay window of vulner-
ability (CDWYV) testing 1in accordance with the present inven-
tion. Step 704 includes sub-steps 706 and 708, which may be
performed at different times.

In sub-step 706, the testing system 1s operated to test as a
function of the number of pre-existing sessions, obtaining
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CPU(t) measurements and/or CDWYV measurements for dii-
ferent combinations of pre-existing sessions and new session
establishment rates. In step 706, 1n some embodiments, for a
given test point the pre-existing sessions are not being termi-
nated, with the exception of a termination or terminations
used to collect CDWYV values.

In sub-step 708, the testing system 1s operated to test as a
function of a fixed number of concurrent sessions, obtaining
CPU(1) measurements and/or CDWYV measurements for dii-
terent combinations of the number of concurrent sessions and
the incoming sessions establishment rate. The number of
concurrent sessions can be a combination of a number of
pre-existing sessions which continue and a net gain/loss due
to the number of iIncoming sessions being established minus
the number of sessions being terminated. Testing of step 708
with different controlled breakdowns of the number of con-
current sessions 1s possible, 1n accordance with the present
invention, with different proportions between the number of
pre-existing sessions which continue and the number due to
Incoming sessions minus terminating sessions.

An exemplary implementation of sub-step 706 1s included
in FIG. 7B. The exemplary method of sub-step 706 starts 1n
step 750, where the test system 1s operated to set a parameter
indicating the number of pre-existing sessions to a selected
initial number of pre-existing sessions, e.g., 0 pre-existing
sessions. Operation proceeds from step 750 to step 752. In
step 752, the test system 1s operated to set an incoming ses-
sion establishment rate parameter to an mitial value, e.g., 0
new sessions established per second. Operation proceeds
from step 752 to step 754.

In step 754, the test system 1s operated to establish and
maintain the number of pre-exiting sessions as indicated by
the pre-existing session 1ndicator parameter. Operation pro-
ceeds from step 754 to step 756. In step 756, the test system 1s
operated to measure and record CPU(t) and/or CDWYV. Then,
in step 738, the test system 1s operated to apply the incoming
session establishment rate indicated by the incoming session
rate establishment rate parameter while measuring and
recording CPU(t) and/or CDWYV. Then, 1n step 760, the test
system 1s operated to increase the incoming session establish-
ment rate parameter by a value DELTA |, e.g., 1 new sessions
per second. Operation proceeds from step 760 to step 762.

In step 762, the test system 1s operated to check if the
incoming session rate establishment parameter exceeds a
value MAXRATE,, e.g., 1K new sessions per second. IT
MAXRATE, 1s not exceeded, operation returns to step 754,
and the testing system proceeds to perform another set of
measurements at the same pre-existing session rate, but using,
a new session establishment rate (steps 754, 756, 758).

If MAXRATE, 1s exceeded, operation proceeds from step
762 to step 764, where the testing system 1s operated to update
the pre-existing session parameter by increasing the pre-ex-
1sting session parameter by a value DELTA,, e.g., a value of
1000 pre-existing sessions. Operation proceeds from step 764
to step 766.

In step 766, the test system checks as to whether the value
ol the pre-existing session parameter exceeds a value MAX-
LEVEL,, e.g., 100K sessions. If the pre-existing session
value parameter does not exceed MAXLEVEL.,, then opera-
tion returns to step 752, to continue with additional measure-
ments conducted with a new number of pre-existing sessions
functioning as an input parameter obtained 1n step 764.

However, 11 1n step 766, the pre-existing session parameter
1s determined to have exceeded MAXLEVEL,, then opera-
tion proceeds from step 766 to step 768. In step 768, a module
or modules within the testing system are operated to output,
e¢.g., forward, collected information, e.g., control parameters
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(number of pre-existing sessions, ncoming session establish-
ment rate) and corresponding measured results (CPU(t),
CDWYV), to an analyzer module within the testing system.

An exemplary implementation of sub-step 708 1s included
in FIG. 7C. The exemplary method of sub-step 708 starts 1n
step 770, where the test system 1s operated to set a parameter
indicating the incoming session establishment rate to an 1ni-
tial value, e.g., 0 new sessions established per second. Opera-
tion proceeds from step 770 to step 772. In step 772, the test
system 1s operated to set a parameter indicating a fixed num-
ber of concurrent sessions to an initial value, e.g., O concur-
rent sessions. Operation proceeds from step 772 to step 774.

In step 774, the test system 1s operated to establish and
maintain the specified fixed number of concurrent sessions as
indicated by the fixed number of concurrent sessions param-
cter. Operation proceeds from step 774 to step 776. In step
776, the test system 1s operated to measure and record CPU(t)
and/or CDWYV. Then, 1n step 778, the test system 1s operated
to apply the incoming session establishment rate indicated by
the incoming session rate establishment parameter while
measuring and recording CPU(t) and/or CDWYV. Then, in step
780, the test system 1s operated to increase the fixed number
of concurrent sessions parameter by a value DELTA,, e.g.,
1000 concurrent sessions. Operation proceeds from step 780
to step 782.

In step 782, the test system 1s operated to check if the fixed
number of concurrent sessions parameter exceeds a value
MAXLEVEL,, e.g., 100K concurrent sessions. If MAX-
LEVEL, 1s not exceeded, operation returns to step 784, and
the testing system proceeds to perform another set of mea-
surements at a different number of concurrent sessions, but
using the same incoming session establishment rate (steps
784, 786, 788).

If MAXLEVEL, 1s exceeded, operation proceeds from
step 782 to step 784, where the testing system 1s operated to
update the incoming session establishment rate parameter by
increasing the incoming session establishment rate parameter
by a value DELTA,, e.g., 1 session per second. Operation
proceeds from step 784 to step 786.

In step 786, the test system checks as to whether the value
of the incoming session establishment rate parameter exceeds
a value MAXRATE,, e.g., 1K sessions per second. If the
incoming session establishment rate parameter does not
exceed MAXRATE,, then operation returns to step 772, to
continue with additional measurements conducted with a new
incoming session establishment rate, as obtained 1n step 784.

However, 1f 1n step 786, the mcoming session establish-
ment rate parameter 1s determined to have exceeded
MAXRATE,, then operation proceeds from step 786 to step
788. In step 788, a module or modules within the testing
system are operated to output, e.g., forward, collected infor-
mation, €.g., control parameters (fixed number of concurrent
sessions, mcoming session establishment rate) and corre-
sponding measured results (CPU(t), CDWYV), to an analyzer
module within the testing system.

Operation proceeds from step 704 to step 710. In step 710,
the testing system 1s operated to correlate and analyze the data
from step 704. Step 710 includes sub-step 712 and sub-step
714. In sub-step 712, the testing system 1s operated to perform
graphical analysis, e.g., obtaining 2 and 3 dimensional plots
for review. In sub-step 714, the testing system 1s operated to
perform “data miming” operations, classification, and analy-
s1s. In step 710, 1n addition to the controlled inputs and mea-
sured outputs from step 704, the testing system recerves and
uses inputs 716 and 718. Input 716 1s UUT test manufacturer
specifications and/or requirements, e.g., CPU time loading
performance specifications, closing window delay timing
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specification, maximum call loading specifications, maxi-
mum session 1itiation and/or session termination specifica-
tions, etc. Input 718 1s other UUT test results, e.g., corre-
sponding to results obtained on competitors perimeter
protection devices and/or different models and/or versions of
the same manufacturer.

Various outputs are obtained from step 710 including an
elliciency factor or efficiency factor information 720 corre-
sponding to the UUT presently under test, a pass/fail report
722 1identifying as to whether the UUT under test satisfied the
advertised manufacturer specifications and/or system
requirements, and a comparison report 724, ¢.g., comparing
the UUT presently under test to other UUTs under consider-
ation, e.g., by a service provider.

While described in the context of a local carrier IP network
system, the methods and apparatus of the present invention,
are applicable to a wide range of communications systems.

In various embodiments elements described herein are
implemented using one or more modules to perform the steps
corresponding to one or more methods of the present inven-
tion, for example the enhanced integrated intelligent end
points of the mvention may include modules for controlling
the device to generate traffic for various tests, momtor CPU
utilization of a gateway router implementing a dynamic fire-
wall, generate graphic representations of test results corre-
sponding to one or more routers/firewalls, etc. Thus, in some
embodiments various features of the present invention are
implemented using modules. Such modules may be 1mple-
mented using software, hardware or a combination of soft-
ware and hardware. Many of the above described methods or
method steps can be implemented using machine executable
instructions, such as software, included 1n a machine readable
medium such as a memory device, e.g., RAM, tloppy disk,
etc. to control amachine, e.g., general purpose computer with
or without additional hardware, to implement all or portions
of the above described methods, e.g., 1n one or more nodes.
Accordingly, among other things, the present invention 1s
directed to a machine-readable medium including machine
executable mstructions for causing a machine, e.g., processor
and associated hardware which may be part of a test device, to
perform one or more of the steps of the above-described
method(s).

Numerous additional variations on the methods and appa-
ratus of the present invention described above will be appar-
ent to those skilled 1n the art 1n view of the above description
ol the 1nvention. Such vanations are to be considered within
the scope of the invention.

What 1s claimed 1s:

1. A method comprising;:

establishing a constant session signaling load from a test
device through a firewall;

applying a first rate of session signaling change to the
firewall while maintaining the constant session signal-
ing load;

monitoring a first processor-utilization rate or a first pin-
hole-transition delay while applying the first rate of ses-
sion signaling change to the firewall;

applying a second rate of session signaling change to the
firewall while maintaining the constant session signal-
ing load;

monitoring a second processor-utilization rate or a second
pinhole-transition delay while applying the second rate
of session signaling change to the firewall; and

storing the first and second processor-utilization rates or
the first and second pinhole-transition delays 1n a com-
puter-readable memory.
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2. The method of claim 1,

wherein establishing the constant session signaling load
includes establishing a constant number of sessions
through the firewall; and

wherein maintaining the constant session signaling load

includes maintaining the constant number of sessions
through the firewall.

3. The method of claim 2,

wherein applying the first rate of session signaling change
includes establishing a first set ol new sessions at the first
rate; and

wherein applying the second rate of session signaling
change includes establishing a second set of new ses-
s1ons at the second rate.

4. The method of claim 3,

wherein monitoring the first processor-utilization rate or
the first pinhole-transition delay includes monitoring a
first pinhole-transition delay; and

wherein monitoring the second processor-utilization rate
or the second pinhole-transition delay includes monitor-
ing a second pinhole-transition delay.

5. The method of claim 2,

wherein applying the first rate of session signaling change
includes terminating a first set of new sessions at the first
rate; and

wherein applying the second rate of session signaling
change includes terminating a second set of new ses-
s1ons at the second rate.

6. The method of claim 5,

wherein momtoring the first processor-utilization rate or
the first pinhole-transition delay includes monitoring a
first pinhole-transition delay; and

wherein monitoring the second processor-utilization rate
or the second pinhole-transition delay includes monitor-
ing a second pinhole-transition delay.

7. The method of claim 1,

wherein establishing a constant session signaling load
includes establishing sessions at a session rate and ter-
minating the sessions at the session rate; and

wherein maintaining the constant session signaling load
includes maintaining the establishing of the sessions and
the terminating of the sessions at the session rate.

8. The method of claim 7,

wherein applying the first rate of session signaling change
to the firewall includes establishing additional sessions
at the first rate while maintaining the constant session
signaling load; and

wherein applying the second rate of session signaling
change to the firewall includes establishing additional
sessions at the second rate while maintaining the con-
stant session signaling load.

9. The method of claim 8,

wherein momtoring the first processor-utilization rate or
the first pinhole-transition delay includes monitoring a
first pinhole-transition delay; and

wherein monitoring the second processor-utilization rate
or the second pinhole-transition delay includes monitor-
ing a second pinhole-transition delay.

10. The method of claim 7,

wherein applying the first rate of session signaling change
to the firewall includes terminating additional sessions
at the first rate while maintaining the constant session
signaling load; and

wherein applying the second rate of session signaling
change to the firewall includes terminating additional
sessions at the second rate while maintaining the con-
stant session signaling load.
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11. The method of claim 10,
wherein monitoring the first processor-utilization rate or

the first pinhole-transition delay includes monitoring a
first pinhole-transition delay; and
wherein monitoring the second processor-utilization rate
or the second pinhole-transition delay includes monitor-
ing a second pinhole-transition delay.
12. A network device comprising;:
an input/output interface to:
send a constant session signaling load from the network
device through a firewall;
send, at a first rate, first additional session signaling to
the firewall while maintaining the constant session
signaling load;
send, at a second rate different than the first rate, second
additional session signaling to the firewall while
maintaining the constant session signaling load;
a processor configured to:
determine, with respect to the first additional session
signaling, a first processor-utilization rate or a first
pinhole-transition delay associated with the firewall,
and
determine, with respect to the second additional session
signaling, a second processor-utilization rate or a sec-
ond pinhole-transition delay associated with the fire-
wall; and
a memory to store the processor-utilization rates or the
pinhole-transition delays.
13. The network device of claim 12,
wherein the constant session signaling load includes a con-
stant number of sessions that pass through the firewall.
14. The network device of claim 13,
wherein the first additional session signaling includes a
first set ol new sessions established or terminated at the
first rate; and
wherein the second additional session signaling includes a
second set of new sessions established or terminated at
the second rate.
15. The network device of claim 14,
wherein the processor 1s configured to determine the first
pinhole-transition delay and the second pinhole-transi-
tion delay.
16. The network device of claim 12,
wherein the constant session signaling load includes ses-
sions established and terminated at a session rate.
17. The network device of claim 16,
wherein the first additional session signaling includes addi-
tional sessions established or terminated at the first rate:
and
wherein the second additional session signaling includes
additional sessions established or terminated at the sec-
ond rate while maintaining the constant session signal-
ing load.
18. The network device of claim 17,
wherein the processor 1s configured to determine the first
pinhole-transition delay.
19. A method comprising;:
establishing a first number of sessions through a packet-
switched network perimeter protection device, wherein
the first number remains constant;
initiating a first set of new sessions, 1 addition to the first
number of sessions, at a first rate through the perimeter
protection device;
determining a first processor-utilization rate or a first pin-
hole-transition delay associated with initiating the first
set of new sessions at the first rate;
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initiating a second set of new sessions, 1n addition to the
first number of sessions, at a second rate different than
the first rate, through the perimeter protection device;
and

determining a second processor-utilization rate or a second
pinhole-transition delay associated with 1nitiating the
second set of new sessions at the second rate;

wherein the first number of sessions 1s maintained while
initiating the first and second set of new sessions, and
wherein mitiating the first and second set of new ses-
sions includes 1mitiating new sessions using a session
control protocol.

20. The method of claim 19, wherein determining the sec-
ond processor-utilization rate or the pinhole-transition delay
includes determining a pinhole-opening delay.

21. The method of claim 19, further comprising:

terminating, at a third rate, the first set of new sessions
through the perimeter protection device; and

10

15

28

determiming a third processor-utilization rate or a first pin-
hole-transition delay associated with terminating the
first set of new sessions at the third rate,

wherein the first number of sessions are maintained while
terminating the first set of new sessions, and wherein
terminating the first set of new sessions includes using a
session control protocol.

22. The method of claim 21, further comprising:

terminating, at a fourth rate different than the third rate, the
second set of new sessions through the perimeter pro-
tection device; and

determiming a fourth processor-utilization rate or a second
pinhole-transition delay associated with terminating the
second set of new sessions at the fourth rate,

wherein the first number of sessions are maintained while
terminating the second set of new sessions, and wherein
terminating the second set of new sessions includes
using a session control protocol.
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